The preparation of peptide thioesters using Fmoc chemistry requires their synthesis as amides flowed by an N -> S-acyl shift reaction. Recently, bis(2-sulfanylethyl)amino-trityl-polystyrene (SEA) resin has been reported (1, 2), where the peptide is synthesized as a secondary amide, and the N -> S-acyl shift occurs by reaction of one of the two 2-sulfanylethyl groups. The PAET resin described herein is easily synthesized and results in di-substituted amide peptide that promotes the N -> S-acyl shift reaction when the single 2-sulfanylethyl isomerizes to the correct position. The rate of N -> S shift is superior to that of the cystamine adduct. A peptide-peat adduct supported a native chemical ligation (NCL) reaction in the presence of MesNa. The presence of a secondary amide with a single 2-sulfanylethyl is sufficient for the efficient production of peptide thioesters.
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The preparation of peptide thioesters using Fmoc chemistry requires their synthesis as amides flowed by an N -> S-acyl shift reaction. Recently, bis(2-sulfanylethyl)amino-trityl-polystyrene (SEA) resin has been reported (1, 2), where the peptide is synthesized as a secondary amide, and the N -> S-acyl shift occurs by reaction of one of the two 2-sulfanylethyl groups. The PAET resin described herein is easily synthesized and results in di-substituted amide peptide that promotes the N -> S-acyl shift reaction when the single 2-sulfanylethyl isomerizes to the correct position. The rate of N -> S shift is superior to that of the cystamine adduct. A peptide-peat adduct supported a native chemical ligation (NCL) reaction in the presence of MesNa. The presence of a secondary amide with a single 2-sulfanylethyl is sufficient for the efficient production of peptide thioesters. Ionizing radiation (IR) induces damage clusters in the genome that include DNA double-strand breaks (DSB), and more frequently oxidized bases and single-strand breaks. The DSBs mostly have blocked termini such as 3'-phosphate, 3'-phosphoglycolate, 5'-phosphodeoxyribose which require processing to generate 3'OH and 5'Phosphate for repair. Moreover, repair of closely spaced oxidized bases could generate additional DSB intermediates with blocked ends. Although DSBs are predominantly repaired via DNA-PK-dependent non-homologous end joining (NHEJ), recently error-prone microhomolgy dependent alternative end joining (Alt-EJ) for DSB has been reported. Alt-EJ requires SSB/base excision repair (SSBR/BER) proteins such as XRCC1, PARP1 and DNA ligase 3. Relative contribution of these pathways at IRinduced complex genome damage has not been elucidated. While current DSB repair (DSBR) studies mostly examine DSBs with undamaged termini, we have generated a novel linearized reporter plasmid with 3'-blocked ends, mimicking IR-induced termini, whose in-cell repair may recapitulate in vivo DSBR. Furthermore, the presence of microhomology sequences flanking the DSB in the substrate allows quantitation of NHEJ vs. Alt-EJ by sequence analysis of repair joints in the circularized plasmids recovered from cancer cells. While the contribution of Alt-EJ is significantly lower than that of NHEJ, it was significantly enhanced in preirradiated cancer cells. Alt-EJ was enhanced due to DNA-PK inhibition and was decreased by XRCC1 depletion. Combined deficiency of XRCC1 and DNA-PK caused significantly additive DSB accumulation and radiosensitivity. In-cell DSBR in PNKP down-regulated cells also showed enhancement of Alt-EJ, suggesting that Alt-EJ takes over when NHEJ is suppressed because of the deficiency in 3' end cleaning in the substrate. We observed recruitment of XRCC1 at IR-induced clustered damage but not at etoposide-induced DSBs. These observation together indicate substantial role of XRCC1-mediated Alt-EJ at IR-induced genome damage. We also found enhanced interaction of XRCC1 with Mre11 and CtIP that promote Alt-EJ by end-resection in irradiated cancer cells. Finally XRCC1-immunocomplex isolated from U2OS cells with ectopic XRCC1-FLAG can carry out Alt-EJ in vitro. Thus our study documents for the first time that Alt-EJ is enhanced after irradiation and that the XRCC1 immunocomplex can carry out DSB repair in vitro and underscores a critical role of the back-up DSBR pathway in IR-induced damage repair whose targeting could enhance radiosensitivity of cancer cells. (Research supported by USPHS grant R01 CA158910)
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